A new small-scale type diffuser augmented wind turbine (DAWT) is designed based on blade element momentum theory and the aerodynamic model of DAWT is established. This work presents an innovative approach to rotor blade design of small-scale diffuser augmented wind turbines. At the same radius and wind speed working conditions the new type DAWT has lower cut-in wind speed and the largest wind energy utilization coefficient of it is increased more than 1 times. Annual power generation of the new wind turbines is increased 2.34 times.
Introduction
As the key component of capturing the wind, the aerodynamic design parameter of wind turbine determines the power output of wind machine directly. Wind turbine performance is largely determined by the shape of airfoils. Jin Chen，Quan Wang [1] et al. put forward to theory of the Trajkovski airfoil control parameters based on the curvature continuity, which was used to optimize the wind turbine airfoils, and dedicated wind turbine airfoil family with high performance was invented. Furthermore, other scholars [2] ~ [5] optimize the parameters of wind turbine blades based on the optimization algorithm and evaluation indexes. The wind energy utilization coefficient will not exceed the Betz limit because the main configuration of the wind turbine does not change. The diffusion amplifier for small wind turbine is designed by Ravi Anant [6] and that the diffusion amplifier can effectively improve the wind energy utilization coefficient of wind turbine is validated. SorenHjort [7] , T.Y.Chen [8] demonstrated that the diffusion amplifier had significant effect on enhancing the wind turbine aerodynamic character by experiments and CFD simulation of the diffuser wind machine. The new design method for the small-scale wind turbine is put forward based on the wind turbines blade element momentum theory of the diffusion amplifier in this paper, which reduces the start-up wind speed of wind turbine and improves the wind energy utilization coefficient of wind turbine.
Computational Model Of Wind Farm And Anuual Power Generation
The characteristics of the annual probability distribution of the wind energy is very important for the design of the wind turbine and the rated wind speed and the rated power of the wind turbine are all determined by the distribution characteristics of wind field. The mathematical model of wind speed is based on various measured typical wind speed frequency curves, which is built by the statistical probability method. The mathematic expression of the wind speed frequency curve, which is used to estimate the wind speed, is usually the Weibull function distribution [9] . The expression, which is a distribution function with single peak and two-parameters, is shown in formula (1).
Where, v is the wind speed; k is shape parameter; A is the scale parameter. From the weibull distribution, we can get the probability of the wind speed between i v and 1 i v + as :
International Industrial Informatics and Computer Engineering Conference (IIICEC 2015) It needs to combine the power of the wind turbine with the probability density function of the wind field to evaluate the annual power generation of the wind turbine. The power generation the wind turbine is shown in formula (3):
Where, AEP is the annual power generation; The diffusion amplifier studied in this paper is two bending airfoils with opposing convex surfaces and the wind-velocity is enhanced when the airflow flows through the two airfoils [10] . Figure 1 shows the sketch map of airflow of the diffusion amplifier with built-in wind turbines. 
（4）
The velocity-inducing factor of wind turbine in axial direction is defined as a and then the following formulas are deduced:
V is the wind velocity, 1 V is the wind velocity of diffusion amplifier. The main design parameters include the choice of wind turbine airfoils, rotor diameter, chord length distribution and torsion angle distribution. The force of the blade element of the diffuser augmented wind turbine blade as well as the relative parameters is shown in Figure 2 . The wind energy utilization coefficient is expressed by P C and the high wind energy utilization coefficient is the main design goal of the wind turbine blade. According to the blade element theory, the wind energy utilization coefficient of each blade element can be expressed as follows:
According to the momentum theory, the following formulas can be deduced:
Where, a is the velocity-inducing factor in axial direction; b is the velocity-inducing factor in circumferential direction; F is the Prantl tip loss correction factor; 0 λ is the design blade tip-speed ratio; B is the number of the blades; R is the wind wheel radius; r is the distance from the blade element to the central of the wind wheel; ϕ is the inflow angle. The wind energy utilization coefficient changes with the wind speed and the wind energy utilization coefficient can get a maximum value only in a tip-speed ratio. If the local wind energy utilization coefficient of each blade element reaches the maximum, then the entire wind turbine wind energy utilization coefficient is also the largest value. The ideal chord of wind turbine is shown in the formula (12) and the torsion angle distribution is given by the formula (14). (
C is the lift coefficient of the blade element; b is the torsion angle of the blade element; a is the design angle of attack; Ω is the speed of the wind wheel.
Aerodynamic Model Of Small-scale Diffuser Augmented Wind turbine
The calculation of the aerodynamic performance of the wind turbine is an important part of the wind turbine blade design. The aerodynamic performance of the blade under different wind speeds is calculated after the designing the aerodynamic shape parameters of the blade and then the design results of the wind turbine can be evaluated [11] [12] . When the induction factor in axial direction is greater than 0.4, the wind wheel works at the turbulent wake state and the momentum theory is no longer applicable at this moment and needs to be corrected. The correction expression of the inducing factor of the diffuser augmented wind turbine is deduced by Deborah [13] based on the momentum theory of the traditional blade element. The correction expression is as follows: 
is the critical point of the inducing factor in axial direction and according to the empirical model. 
（23）
The thrust, torque and generated power of the ith blades are shown as follows:
The thrust coefficient of wind turbine and wind energy utilization coefficient are shown as follows: 
Design Result And Discussion
Under the action of diffusion amplifier, the velocity of the wind is increased when pass through the wind turbine, thereby enhancing the wind energy utilization coefficient. The wind speed field whose average wind speed is 6m/s and shape parameter k is 4.5, is studied in this paper.
The chord length distribution whose radius of wind wheel is 6m can be obtained from the formula(1). The WT01 wind turbine is defined in this paper. To illustrate the benefit in the structural parameter and aerodynamic performance of the diffuser-augmented wind turbine compared with the traditional wind turbine, the aerodynamics performance will be studied by using the traditional method to design that the wind wheel radius of the WT02 wind turbine is 6m and set the WT02 wind turbine under the diffusion amplifier. Figure 3 shows the wind energy utilization coefficient of wind turbine in different tip-speed ratios. The WT01 wind turbine is designed based on the new working conditions of wind turbine blades, whose wind energy utilization coefficient can reach a maximum of 0.84. However, the wind energy utilization coefficient of the WT02 wind turbine designed by traditional method can only reach a maximum of 0.46 without the diffusion amplifier and even if the WT02 wind turbine work with a diffusion amplifier, its wind energy utilization coefficient can only reach a maximum of 0.81. Figure 4 shows the output power distribution of wind turbine with different wind speeds in variable working conditions. The output power of the WT01 wind turbine blades is higher than the WT02 wind turbines' and it is obvious that the power of wind turbine with the function of the diffusion amplifier is larger than the traditional wind turbines'. W T01 wi t h di f f user W T02 wi t h di f f user W T02 wi t hout di f f user Fig.3 Power coefficient distribution Fig.4 Output power distribution at variable speed As is shown is Fig.5 .a, in the three working conditions, the star-up wind velocity of the WT01 and WT02 wind turbine is 3.5m/s with the action of the diffusion amplifier, while the star-up wind velocity of the WT02 wind turbine is 4.8m/s without the action of the diffusion amplifier, therefore, the diffusion amplifier reduces the wind turbine star-up wind speed and improves the power generation. At rated wind speed is 8m/s, the rated power of the WT01 wind turbine is 25.8KW and the WT02 wind turbine is 22.7KW, for WT03 wind turbine is 13.4KW. The annual power generation of wind turbine is shown in Fig.5 .b, it is obvious that the rated power of the WT01 wind turbine running in working condition with the diffusion amplifier is significantly enhanced and its annual power generation increases to 2.03 times that of the traditional WT02 wind turbine. What's more, when the WT01 wind turbines run in the working condition with the diffusion amplifier and the traditional WT02 wind turbines run in the working condition with the diffusion amplifier, the annual power generation of the WT01 wind turbines increase 12.1%. As is shown in Fig.5 .c, the energy utilization coefficient is greatly increased for new type wind turbine with diffuser which is design by new method. 
Conclusion
(1) The wind speed of wind turbine can be effectively improved by using the diffusion amplifier, therefore the star-up wind velocity of wind turbine is decreased, which makes full use of the wind energy resources.
(2) The wind energy efficiency of wind turbine is improved greatly by using the new diffuseraugmented wind turbines. With the action of the diffusion amplifier, the wind turbine works at a new working condition, therefore, the aerodynamic performance of wind turbine can be further increased by designing the structural parameters of shape again in the new working conditions.
